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96, 97, 98 or 99 percent of fee comnounds in She mixture of compoimds of Formula V have 
the same molecular weight; and, wore preferably, the mixture of compounds of Jeraals V is 
a morwdispersed mixture. 

Q is a halide, preferably chloride or fiuoride. 

CK>S<0*)Q is mefeanestilfbnyl haiide, The mefeanasulfonyl halide is preferably 
methanesulfecyl chloride or rnefeaneauifosyl fiwri-je. More preferably, the metbsnesulfanyi 
halide is meibanesttlfonyS chloride. 

The molar ratio of the methane suliboyt halide to the compound of FonrmSa V is 
preferably greater than about I : i , and is mora preferabi y at least about 2:1. By providing an 
excess of the methane suifortyl halide, it Is assstred that substantially ail of the compounds of 
Formula V are reacted to provide fee compounds of Formula II. Thus, separation difficulties, 
which may occur if both compounds of Formula V and compounds of Formula H were 
present k the reaction product mixture, may be avoided. 

Reaction 3 is preferably performed between about -10°C and about 4S°C.. is mare 
preferably performed between about 0°C and about 35 a C, and is most preferably performed 
between about &*C and room temperature (approximately 2 S°C), 

Reaction 3 may be performed for various periods of time as will be understood by 
these skilled in the art. Reaction 3 is preferably performed for a period of lime between 
about 0.25, 0.S or 0.75 hours and about 2, 4 or 8 hours. 

Reaction 3 is preferably carried otst m fee presence of art aliphatic amine including, 
but not limited to, rttonoraetlryiaroirje, dimetbylamine, irimethylafaise, raonoefeyl amine, 
diethylaraiae, triefeytamtae, moaoisx^ropyiamine, feisoprouylaraine, mono-B-butylarcine, di- 
a-butylamtae, Ui-u-butylsmiae, mc«ocycloiiexylaiatBe, dicyclotoaylamine, or mixtures 
thereof. More preferably, the aliphatic amine is a tertiary amice sueh as triefeylamine. 

As will be understood by those skilled is the art, variotfs substantially monodispcrscd 
mixtures of compouuds of Formula V are commercially available. For example, when R 1 is 
H or methyl, the compounds of Formula V are PEG or mPEG compounds, respectively, 
which are commerciaily available from Aldrich of Milwaukee, Wisconsin; Fluka of 
Switxertarid, and/or TCI America of Portland, Oregon. 

When R* is a lipophilic moiety such as, for example, higher alkyl, fatty acid, an ester 
of a fatty acid, cholesteryi, or sdaraantyl, fee compounds of Formula V may be provided by 
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various tastheds ss will fee understood by those skilled in the art. The compounds of Formate 
V are preferably provided as follows: 

R^~OMs + R^OCiR^OV — ♦ r^c^vor 3 4 

(vi) (vii) mm 



R^OCjHiVOS 1 HfOCaH^k-OS? 5 

(vra) w 

R J is a KpopbiJic tnoiety, preferably higher alkyl, fasty acid ester, choiesteryl, or 
adamarttvi, mors preferably 3 lower alkyl eater of & fatty acid, and most preferably art ethyl 
ester of a fatty acid having from 1 to IS carbon atoms. 

R 1 is S, benzyi, trityl, tetrahydropyt an, or other alcohol protecting groups as will be 
und^oc4by0vosesid!i«dintheart. „ . 

Xz" is a positive too as described above with respect to X*. 

The value of m is as described above, 

Regarding reaction 4, a mixture of compounds of Formula VI is reacted with a 
mixture of corapoaads of Formula VH under reaction conditions similar to those described 
above with reference to reaction 1. The mixture of compounds of Formula VI is a 
substantially raonodispersed mixture. Preferably, at least about 96, 97, 98 or 99 percent of 
the compounds in the mixture of compounds of Formula VI have the same molecular weight. 
More preferably, me mixture of compounds of Fonauis VI is a monodispexsed mixture. The 
mixture of compounds of Formula VII is s substantially monodispersed mixture. Preferably, 
st feast about 96, 97, 98 or 99 percent of the compounds in the mixture of compounds of 
Formula VII have the same molecular weight. More prefer&b! y, the mixture of compounds of 
Formula VO is a monodispersed mixture. 

Regarding reaction 5, the compound of Formula VHI may be hydro! yzed to convert 
me K 1 moiety into an alcohol by various methods as mil be understood by those skilled in the 
an When R } is benzyl or trityl, the hydrolysis is preferably performed utilizing Rj in the 
presence of a paiiadium-charcoaS catalyst as is known by those skilled in the art. Of course, 
when R J is H, reaction 5 is unnecessary. 
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The compound of Formula VI may be commercially available or be provided as 
described above with reference !o reaction 3, The compound of Formate VH may be 
provided as described above with reference si reaction 2. 

Substantially Taonedispersed mixtures of polymers comprising PEG moieties and 
having the structure of Fotnwk HJ above can further be reacted with other sahstastialiy 
mcnodispersed polymers comprising PEG moieties in order to extend the PEG chain. For 
example, the following scheme may be employed: 



^{OCAWOR 1 > CHjSQ » R*<OC 2 H<WOMs 

(HI) 0 (IX) 

OX) (x> (XI) 



Ma. tn and n are as described above with reference to reaction I; pis similar to n and 
m, and Xj* is similar to X* as described above ws& feterence to reaction 1, Q is as described 
above with reference to reaction 3, R 1 is as described above with reference to reaction 1 and 
. is preferably lower sBcyl. R ! is H. Reaction 6 is preferably performed in a manner similar to 
that described above with reference to reaction .1 Reaction 1 is preferably performed in a 
manner similar so that described above wife reference to reaction X. Preferably, at least about 
96, 97, 9$ or 99 percent of the compounds in the mature of compounds of Formula HI have 
the same molecular weight, and, more preferably, the mixture of compounds of Formula HI is 
a monodispcrsed mixture. The mixture of compounds ofFormula X is a substantially 
monoriispersed mixture. Preferably, at least about 96, 97, 98 or 99 percent of the compounds 
in the mixture of compounds ofFormula X have the same molecular weight, and, more 
preferably, the mixture of compounds of Formula X is a monodispcrsed mixture. 

A process according to emtodrmertis of the present invention is illustrated by the 
scheme shown in Figure 1, svhich will now be described. The synthesis of substantially 
monodispersed polyethylene gtycot^oniajnkg oligomers begins by the preparation o f she 
monobenzyi ether (1) of a substantially moncdispersed polyethylene glycol An excess of a 
commercially available substantially mortodispersed polyethylene glycol is reacted with 
benzyl chloride in the presence of aqueous sodium hydroxide as described by Coudert ef a/ 
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(rotary evaporator). Thin layer chromatography was conducted with Marek glass plates 
precoated with .sifica gel SOT? - 254 and spots were visualized by iodine vapor. Ail mass 
spectra were determined by Macro-molecular Resources Colorado Stats University, CO arid 
are reported is fee order safe, (relative inieasity). Eleatsatal aaalys.es and melting points were 
P««wnwd by Galtaith Laboratories, fee, KjBOXvaia, TR Examples MO refer to die 
scheme tflasftated is Figure 2. 

8-M«the-*y-3 >{aiethyliBlf(8Byt)o!(y.3 t Mio«octaBe {5} 
A solution of aon-polydispersed triethyleae glycol monomethy- ether molecules (4.00 
mL, 4.19 g, 25,5 mmol) and triethylamine (4£6 mL, 3,09 g, 30.6 nsmoJ) ia dry 
mchloromethane {SO mL) was chilled in an ice bath and place under a nitrogen atmosphere. 
A solution of taethanejuHeayi chloride (2,3? mL, 3.51 g, 30.6 ramol) ia dry diehloromathane 
(20 mL) was added dropwise ftom an addition funnel. Ten nunutes after the cnmpletion of 
the chloride addition, the reaction mixture was removistJ from the ke bath and allowed to 
come to room temperature. The mixture was stirred for an additional hour, at which time 
TLC (CHClj with 1 5% MeOH as the etutant) showed no remaining triethvtene giyeot 
monomethyf ether. 

The reaction mixture was diluted with another 75 raLof dkhloromemane and washed 
successively with saturated NaHCOj, water and ferine. The organic* were dried over N'&jSQt, 
Stored ami concentrated io vacuo to give a non-polydispersed mixture of compounds 9 as a 
etatr oil (5.31s, 

Example .2. 

Ethylene glycol mono metayi ttoer (JO) (nt-4,5,6) 
To a stirred solution of non-poiydlspersed compound 3 3 (35,7 mrao!) in dry DMF 
(25.7 mL), under Nj was added ia portion s 60% dispersion of NaH in mineral oil. and the 
mixture was stirred at room temperature for 1 hour. To this salt 12 was added a solution of 
aon-polydiapersed mesylate 9 (23.3d) in dry DMF (4 mi) ia a siagle portion, and the mixture 
was stirred at room temperature for 3.5 hoars. Progress of the reaction was monitored by 
TLC (12% CH 3 OH-CHClj). The reaction mixture was diluted wish aa equal amount of IN 
HQ, and extracted with ethyi acetate (2 s: 20 mi) and discarded. Extraction of aqueous 
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soiatioa and work-Bp gave oenixil^spersed polymer 10 (82 -84% yieid). 

3AW^H 5 3S4t.Hept«xs«»easwiol (10) (m=4) 
Oil; Rf 0,46 (methanol : cMoro&na » 3:22); MS mht caic'd far CtjHjjG* 340.2 i 
{M'+D.&uBd 341.2. 

^a^^S^S^l^^-Oetstantft^BtouiMaaoJ (10) (m»5) 
Oil; Rf 0.43 (methanol : chloroform * 6; 10); MS raft: caic'd for C^Gs 3S4.24 
{M*+t),fo«Hi 385.3. 

3,M,12,lV8^U4^7.Sa)»»ox30ct«c«»attoJ (10) (m»6) 
Oil; Rf 0.42 {raemauot : chiorofonji - & JO); MS mk cafc'd for Ci,H«iO» 428.2<S 
{M*+D f iiKBUt 429.3. 

£.«i*!pi« 6 

2d-mea»oxy-J-{methyJs»!foayi)oxy-3,6,9,lI,t5,IS-ltexaoscaeicBS«ae (14) 
Kots-potydispersed compound 14 was obtained m quantitative yxeid &omth« akoho! 
13 (ra»4) awl methjuresuifortyi sfalorids as described for 9, as an aiV, M 0,4 (ethyl ac state . 
aceforittile * 1:5); MS tn/i caic'd fot CitHkO,* 433.21 (M*+l), found 433.469. 

Example ? 

Ethylene glycol mono me&yi ether (35) (w-3,4,5) 
Tbe noo-polydispersed compounds 15 were prepared from a diol by using the 
.procedure described above fbr compound 18. 

KtampSe 8 

3,6^,12,15,3 S^l^-UT^O-OecaotthenekosaHoJ (15) {m~3} 
Oil; Rf 9 41 (methanol : chloroform - 6,10% MS mix ;alc'd for CiiK*A, 472.29 
P^+lXfou«i 472.29. 
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3,6,%12,lS,im^l^^Vnt^xMm»memm0l (15} (n-4) 
Oil; Rf 0.41 (methanol : chloroform -6:10); MS m/z calc'd for CijKaOii 516.31 
{MM),fotrad5l6.3L 

Example 10 

3,6,9,22,15,18,21 ( 24 J 27 ) 30 f 33 J 36-a<«iee««sate P ta£rico&aitaJ 05) (s«*5) 
Oil; Rf 0.41 (methanes : chloroform - 6:10); MS ro/z ea&'d for C«H«0,j 560.6? 
(Nf*l 5, fcuwi 5<50.67. 

Examples i 1 through J 3 refer to fee scheme illustrated in Figure 3. 

ExatM>tell 
Hexactfeyicee glycol niGsaheazyS ether- (16) 
As aqueous sodium hydroxide solution prepared by dissolving 3.99 g {100 miaol) 
NaOH in 4 tni water was added skwiy io noa-polydispersed hmcthyterie gSyco) (28, 1 75 g, 
25 ml, 100 ramot). Berety! chloride (3.9 g, 30.8 mrool, 3.54 mi) was added and the reaction 
mixture was heated with stirriag to 1 00'C for IS hours. The rsactioa mixture was then 
cooled, diluted with brine (250 ml) and extracted with methylene chloride {230 rai x 2). The 
combined organic layers were washed with brine once, dried over WajSO<, filtered and 
concentrated in vacuo to a dark brown oil The crude product mkmre was purified via Flash 
chromatography (silica gei, gradient elation: ethyl acetate to 9/1 ethyl acetate/mcthanol) to 
yield 8.099 g {70 %> of tion-polydispersed 16 as a yellow oil 

' f «rrtpic 12 
Ethyl ^jaethylji«lfony!oxybex«af>aU! {17) 
A solution of rton -polydispersed ethyl 6-hyctoxyfeexanoste (50.76 ml, 30.41 g, 227 
mmol) m dry dicrdororaethane (75 ml) was chilled ra a ice festh and placed uadsr a nitrogen 
atmosphere. Triethylarjune {34.43 mi, 24,99 g, 247 mmol) W3S added, A solution of 
nwtbanesuifoiiyi chloride (19.15 ml, 28.3 g, 247 Brawl) in dry dichloroaietisane (75 ml) was 
added dropwise from an addition fennel. The mixture was stilted for three and one half 
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hours, slowly being allowed to come to roorr. temperature as ibe ice bath melted. The 
mixture was filtered tough sites gel, and the filtrate was washed successively wife water, 
saturated NaHCOj, water and brine. The oxganscs were dried over N&jSOi, filtered and 
concentrated it) vacuo to a pale yellow oil Fmai purification of the crude product was 
achieved by {lash chromatography (silica get, i/i hexaaes/ethyl acetate) to give the ncm- 
polydispersed product (46.1 3 g, 85 %) as a dear, colorless oil. FAB MS; mfe 235 (M+H), 
193 (M-CjHjO). 

Esample 13 

6-{2-{2-(2-{2-{2-<2-BeiijryJaj>'ethexy)*a)ioxy}etl»<)xy}«ei:ho!ty>- 
etboxy]-etln»)ty}-li*«««>{c arid ethyl ester (18) 
Sodium hydride (3.225 g ot s 60 % oil dispersion, 80,6 rnmol) was suspended in 80 
ml of anhydrous toluene, placed under a nitrogen atmosphere and cooled in an ice bath. A 
solution of the noa-poiydispersed alcohol 16 (27.3 g, 73,3 mmol) in SO ml dry toluene was 
added to the NaH suspension. The mixture was stirred at 0°C for thirty minutes, allowed to 
come to room temperature and stirred for another five hours, during which nine the mixture 
became & clear brown solution. The aoB-polydisperscd mesylate 17 (19.2 1 g, 80.6 nanol) in 
80 mi dry toluene was added to the MaH/akoaol mixture, and the combined solutions were 
stirred at mom temperature far three days. The reaction mixture was quenched with 50 mi 
methanol and filtered through basic alumina. The filtrate was concentrated in vacuo and 
purified by flash chromatography (silica gel, gradient elation: 3/1 ethyl acetatefeexaaes to 
athy! acetate) to yield fee non-poSydisperscd product as a paJe yellow oil (16.52 g, 44 %). 
FAB MS: mfeS15(MMi). 

H2-PH^-{2-i2<2-hydroxye{ho3ry)etltoxy3ethoxyHfboat>")- 
ethoxyj-ethoxyi-oesaseic acid ethyl ester (19) 
Non-porydispersed oenayi ether 18 (1.03 g, 2.0 tnrao!) was dissolved to 25 sal 
etfcasot To this solution was added 270 mg 18 % Pd/C, and the mixture was placed under a 
hydrogen atmosphere and stirred for four hours, at which rime TIC showed the complete 
disappearance of the starting material. The reaction mixture was filtered through Ceiite 545 
to remove the catalyst, and the filtrate was concentrated m vacuo to yield me dob- 
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polydajwrsed tide compound as a cleat oil (0.67 g, 79 %). FAB MS: i*fe425(M+H%447 
(M+Na). 

6-(2-{2-(2-{2-(2-(3-methj*w Jfo»ytetJtoxy)eth twy ] « th oxy } - 
ethoxy>-«ttiOJcy]-et6ioJty}-hexa«^c add sthyl ester (20) 
The rKm-polydispefssd alcohol 19 (0.835 & 1,97 mnrol) was dissolved in 3. S ml dry 
diebtoremetfcane and placed wider a nitrogen jumospher*. Trie&ylanrin* (0.3-01 mi, 0.219 g, 
2.16 ramel) was added and die mixture was chilled in aa ice bath. After two minutes, die 
methanesuLfanyi chloride (0.15 ml. 0.243 g, 2.16 inraoi) was added. The mixture was stirred 
for IS minutes at 0 C, then at room temperature for two hours. The reaction mixture was 
filtered through silica gel to remove the triethylamrnoniutr! chloride, and the filtrate was 
wasted successively with water, saturated N'aHCOj, water and brine. The organic* were 
dried over NajSO*, filtered and concentrated in vacuo. The residue was purified by column 
chromatography (silica gel, 9/1 ethyl acetate/methane!) to give rton-poiydiapersed compound 
M as * dear oil (0.819 g, 83 %). FAB MS; m/« 503 (M+H). 

Example |g 

6^-{2-P-(2-{2-[2-(2.mflihaxy«thtity}etl!oxyJ.eih(txy}^thoxy> 
ethoxy}-etioxy!-etboxy)-bexanoic acid ethyl wter (21) 
NsH (8S mg of a 60 % dispersion in oil, 2 2 mmol) was suspended in anhydrous 
toluene (3 ml) under Kj and chilled to 0 °C. Non-polydispersed dtethylene glycol 
monomethyi ether (0.26 ml, 0.26 & 2.2 mmot) that had been dried via azeotropic distillation 
with toluene was added. The reaction mixture was allowed to warm to room temperature and 
stirred for four hours, during which time the cloudy grey snsperision became dear and yellow 
and then tamed brown. Mesylate 20 (0,50 g, i.O mmol} in 2-5 ml dry toluene was added. 
After stirring at room temperature over night, the reaction was quenched hy the addition of 2 
ntl of methanol and the resultant solution was filtered through silica gel. The filtrate was 
concentrated in vacuo and fee FAB MS: mk 499 (M+H), 521 (M+Na). Additional 
purification hy preparatory cttrornaicgrapby {silica gel, 19/3 chloroform/meLhanol) provided 
the non-poSydispersed product aa a clear yellow nil (0,302 g 57 %), FAB MS: mM 527 
(M+H), 549 (M+Na). 
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&<2C2-[2-{2^-f2-$-nwtit9^ 
«hesj f >etiioiTi-*aioxyHti}03cy>-ttexsiaBic acid (22) 
Non-poiydiapersgd ester 21 (3.25 g, 0.46* otmol) was stirred for IS hours in 0.71 ml of 
5 N NaQH. After 18 hours, the mix rare was concentrated in vacuo to remove the alcohol aad 
the residue dissolved in a further 10 mi of waier. The aqueous solution was acidified to pH 2 
wiih 2 N HQ and the product was extracted into dichlorornethane (30 ml x 2). The combmed 
organics were then washed with brine (25 mi x 2), dried over NajSO,, filtered md 
concentrated in vacuo to yield the non-polydifipersed title compound as a yellow oil (0.14? g, 
63 %). PAS MS: */« 499 (M-HS), 531 (M+Ns). 

Fxawpic 18 
HMHHMM^-mstnaxyfithoxyJe^^ 

hexftnote acid 2>S»dioxc*py rroiidia- i.-yl ester (23) 
Non-polydispersed acid 22 (0.209 g, 0.42 ramol) were dissolved in 4 ml of dry 
dichiemmethane and added to a dry flask already containing NHS (N-hydt-tsxys«ocit»rnide) 
(S7.S tag, 0.502 ramoi) and EDC ( I ^3^oie%larninoptopyi)-3-ethykarbodit!sude 
hydrochloride) (98.0 ro& O.S02 mme!) under a Hj ataospfcere. The solution was stirred at 
room temperature overnight and filtered through silica gel to remove excess reagent a and the 
urea formed trcm die EDC. The filtrate was concentrated ia vacuo to provide the t»a- 
peiydtspewed product as a dark yellow oil (0.235 g, 94 %), FAB MS: «/« 596 (M+H), 618 
(M+Na). 

Examples 1 9 through 24 refer to the scheme illustrated ia Figure 4. 
Example 19 

Mesylate of trietaytene glycol trwuometayt ether (24) 
To a solution of CHjCli {!« mL) cooled to CfC at an ice bath was added nsn- 
poiydispersed trietaylene glycol monotrtethyl ether (25 g, 0,15 moi), Then triethyiamine 
(29.S mL, 0.22 mo!) was added and the solution was stirred for 15 cam at 0"C, which was 
followed by dropwise additiots of methaaesul&ny! chloride (13.8 mL, 0.18 rnol, dissolved in 
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20 mL CHjCij}, The reaction mixture was stared for 30 rnitt at 0°C, allowed to warm to 
room temperature, and then stirred for 2 h. The crude reaction mixture was filtered through 
Celite (washed CHjCtj -200 mL), then washed with H4O {300 mL), 5% NaHCGj {300 mL), 
HiO (300 mL), sat, NaCl (300 mL}, dried MgSO*. and evaporated to dryness, U» oil was 
then placed an a vacuum line for ~2h to ensure dryness and afforded the son-polydispersed 
title comrjosad as a yellow oil (29. 1 S g, 80% yield). 

Heptaefayiene glycol raonoroethyl ether £25) 
To a solution of non-poiydispersed trtrasihylenc glycol (51.5 jg, 0.27 raol) ra THF 
(lL)wM^dedr^ts^umt-batoxide(14.8g,0.13rnol.smallport)onsover ~33rms). The 
reaction, mixture was then stirred for lh and then 24 (29,15 & 0.12 tool) dissolved in THF (90 
mL) was added dropwise and die reaction mixture was stirred overnight. The crude reaction 
mixture was Jittered through Celite (washed OLsClj, -200 raL) and evaporated to dryness. 
The oil was then dissolved in HC1 (250 mi,, 1 N) and washed with ethyl aeewse (250 mL) to 
remove excess 24. Additional washings of ethyl acetate (125 mL) may be required to remove 
remaining 24. The aqueous phase was washed repetitively with CKjGj (125 ml. volumes) 
until most of the 25 has been removed from the aqueous phase. The first extraction will 
contain 24, 2$, and dicoupied side product sad should be back extracted with HO (1 25 mL, 
IN). The organic layers were combined and evaporated to dryness. The resultant cii was 
then dissolved in CKrClj (100 mL) and washed repetitively with IfeO (50 mL volumes) until 
25 was removed. The aqueous tractions were combined, total volume 500 raL, and NaCl was 
added until the solution became cloudy and then W35 washed with CHiCfc (2 jc S00 mL). The 
organic layers were combined, dried MgSO«, and evaporated to dryness to afford a the non- 
polvdispersed title compound as an oil (1 6.9 g, 41% yield). It may be desirable to repeat one 
or more steps of she purification procedure to ensur e high purity. 

8-Srorttooct«M»ate (25) 
To a solution of S-brorauociiujoic acid (5.0 g> 22 mraol) in ethane! (100 mL) was 
added HjSO* (0.36 mL, 7.S mmni) and the reaction was heated to reflux with stirring for 3 fa. 
The crude reaction mixture was cooled to room temperature and washed HjO (100 mL), sat 
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NaHCOj (2x lOOmL), HjO (lOOraL), dried MgSO,,a»d evaporated to cfr^m to afford a 
clear oil (5.5 g, 9S% yield). 

gyiimpieaa 

Synthesis of MPEG7-C8 ester {2-7) 
To a solution of the non-pelydispefsed sompoimd 25 (3.0 g, 8,8 mmc-i) in ether (90 
mL) was added potassium t-butoxide (1 2 g, 9.5 mmol) and the reaction mixture was stirred 
for I h. Than dropwise addition of the non-polydispetsed compound 26 (2.4 $, 9.5 mm*!}, 
dissolved in ether (10 ml), was added and the reaction mixture was stirred overnight. The 
crude reaction mixture was Sitertd through Ceiite (washed CHjClj, -200 mL) and 
evaporated to dryness. The resultant oil was dissolved in ethyl acetate and washed H a O < 2 x 
200 mL), titled MgSG*. and evaporated » dryness. Column chromatography (Silica, ethyl 
achate to ethyl acttate/'methanoi, 10: 1) was performed and afforded the non-pelydtspaMed 
title compound as a clear oil (G.&43 g, 1 9% yield). 

Example 23 
MPEG7-C8 add (2*) 
To the oil of fee rttra-polydispersed compound 2? (0.70 g, 1.4 mmo!) was added IN 
NaOH (2.0 ml.) and the reaction mixture was stirred for 4h, The crude reaction mixture was 
concentrated, acidified (pK-2), saturated with N'aCl, and washed CHjClj (2 x 50 mL), The 
organic layers were combined, washed sat. NaCl, dried U$SO t , and. evaporated to dryness to 
afford the non-pol>-disp«5ed title compound as a clear oil (0.3$ g, 53% yield). 

Example 24 
Activation of MPEG7-C8 aeid (29) 
Non^lydispsrsed tnFEG7-C8-seid 28 {0 Jig, 0.64 mmol) was disserved in 3 ml of 
anhydrous methylene chloride and then solution of N-hydfOX^awtmrnide (0.07% 0.69 
ranted) and EBCI HCS (13S.6 mg, 0.71 mrnoi) in anhydrous methylene chloride added. 
Reaction was stirred for several hours, then washed with IN HCi, water, dried ever MgSO*, 
filtered and concentrated. Crude material was purified by column chtorrtaiography, 
amceotrated to afford the noa-polydispeised title compound as a clear ail and dried vie 
vacuum. 
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Examples 25 through 29 refer to (be scheme illustrated in Figure 5, 

E<am»ie25 
19-aydroiydeesmsate (30) 

To a solution of aofi-polydispersed lO-hYdroxydeeanoic acid (5.0 g, 26.5 jjbko!) in 
ethaooi (1 00 mL) was added HjS0< (0,43 mL, S . 8 ramol) and the reaction was heated to 
reflux with stirring for 3 b. The crude reaction mixture was cooled to room temperature and 
wasted HaO <i0« mL), sat, NaKCChax 100 mL), HjO { 100 mL), dried MgSO*. and 
evaporated to dryness to afford the aon-po 1 ydispersed title compound as a clear oil (6,9 g, 
98% yield). 

Exalte 2 § 
Mesylate of 18-hydroxydecanoate (31) 
To & solution of CHjCij (27 mL) was added tton-poiydispersed Ikfaydroxvdeeatio&te 
30 (5,6 g, 26 ratnol) and cooled to 0°C in an ice bath. Then methylamiae (S mL, 37 mraoi) 
was added and She reaction mixture was stirred For 15 rrsic at &*C. Then methaaesuifonyi 
chloride (2.7 mL. 34 mmol) dissolved in CHjCIjO ml.) was added and the reaction mixture 
was stirred at 0°C for 30 tain, the ice bath was removed arid the reaction was stirred for an 
additional 2 h at room temperature. The crude reaction nsixture was filtered through Celite 
(washed CHjCt & 80 mL) aad the filaate was washed HjO (100 mL}, 5%NaHCOj (2 x 100 
ml), HjO (1 00 mL), sat. NaC1 (1 00 mL), dried MgS<>4. aad evaporated to dryness to asTocd 
the oon-potydispersed title compound as a yellowish oil (7.42 g, 97% yteid). 

Example 27 
MPEGrC.i Ester (32) 
To a solution of non-pclydispersed fieptaethylene glycol monomathyi ether 25 (2,5 g, 
7.3 mmol) tn tstrsbydrofuran (100 mL) was added sodium hydride {0,194 g, 8,1 mmoi) and 
the reaction mixture was stirred for 1 h. Thendropwise addition of mesylate of uoa- 
polydispersed 10-hydtoxydeearioate 31 {2.4 g, 8.i mmo!), dissolved m tetrahydro ferae {10 
ml), was added and the reaction mixture was stirred overnight. The crude reaction mixture 
was filtered through Celite {washed CHiCh, -200 mL) and evaporated to dryness. The 
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resufcwt oii was dissolved in «thyl acetate and washed HjG (3 x 200 ml), dried MgSO^ 
evaporated to dryness, chrornaicgraphed (siIks, ethyl acetate/methanoL, 10;$}, and 
chroroatographed (alka, eifayt acetate) to afford the non-pofydispersed title compound m a 
dear oil (0.570 g. 15% yield). 

Exasnoie 28 
MPEGHCu Add (33) 
To the oil of noa-poiydtspetsed mP£G?-C ( 3 ester 32 {0.570 g, 1. 1 am»t) was added 
IN NaOH (1.6 wL) aad the reaction mixture *ss stirred overnight. The crude reaction 
mixture was concentrated, acidified (pH-2), saturated with NaCl, ami wasted CHj;C!j{2 x 50 
mL). The organic layers were combined, washed sat. NaCl (2 x 50 ml), dried MgSO*. and 
evaporated to dryness to afford the non-poiydispersed title compound as a dear osi (0.340 §» 
62% yield). 

Example 29 
Arthwttatt of MPEGr-Cu AeJd (34) 
The non-poivdispersed acid 33 was activated usiag procedures similar to those 
described above in Example 24. 

Examples 30 and 31 rei'er to the scheme iiiustrated in Figure 6. 

Example 30 
Synthesis of CUffSGO Oligomer Q€) 
Nent-jKdydispsrsed stearoyl chloride 35 (G.7& 2.31 aaaol) was added stowiy to » 
mbitste of PE<36 (5 & 5 7.7 mmoi) and pyridine (Q.97g, 3 2.4 roraol) in benzene. The reaction 
mixture was stirred for several tours <~5). The reaction was followed by TLC using 
etnylscetate/methsnol as a developing solvent. Then the reaction mixture was washed with 
water, dried over MgSO*. concentrated and dried vis vacuum. Purified noit-poSydispeised 
compound 36 was analyzed by FABMS: m/e S4<V M'H, 
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ActsvaSott of C18{PEGS) Oligomer 

Activation of non-polydispcrsed C18{P£G6} oligomer was accomplished in two 

steps: 

3) Non-polydispersed stearoyl-PEGo 36 { 0.8 g, l.*S mmoS ) was dissolved at toluene 
and added to a phosgene solution f 10 mi, 20 % m toluene) which was cooled with an ice bath. 
The reaction mature was stirred for i n at 0*C ami then; for 3 h 3t room temperature. Then 
phosgene and toluene were distilled off and the rerrisilring noa-po!ydispersed stearoyi PEG6 
chlorofbrmate 37 was dried over PjOj overnight. 

2) To ft solution of non~polydispersed stearoyl PEC6 chioroformate 36 { Q,7Sg< 1.27 
mmol} and TEA (128 mg, 1.2? mmol) « anhydrous methylene chloride, N-hydroxy 
snednimide (NHS) solution in methylene chloride was added. The reaction mixture was 
stirred for is hours, then washed with water, dried over MgSO*. fihered, concentrated sad 
dried via vacuum to provide the non-polydlspersed activated Ci8(PEG6) oligomer 18. 

Examples 32 through 37 refer to the scheme illustrated in Figure 7. 

Example 32 
Tetraethyien* glycol monobeaiEySether (39) 
To the oil of rion-polydisrjereed tetraethyi&ne glycol (19.4 g, 0.10 mol) was added a 
soiation of NaOH {4.0 g in 4.0 mL) and the reaction was stirred for 15 mm. Then benzyl 
chloride (3.54 tnL, 30.8 mmol) was added and the reaction mixture was heated to IGCC and 
stirred overnight. The reaction mixture was cooled to room temperature, diluted with sat. 
NsCl (250 ml), and washed CMtCh (2 x-200 mL% The Organic layers were combined, 
washed sat. NaCl, dried MgSO*, and chromatographed {silica, ethyl acetate) to afford the 
non-polydisosfsed title compound as a yellow oil (6.21 g, 71% yield). 

Mesylate of tetraetayteat glycol mo uobeassy letter (40) 
To a solution of CHjCI 2 (20 mL) was added noa-polydispersed tetraethyiene giycol 
monobcazyktber 3S (6.21 g, 22 mmol) and cooled to 0"C is an ice bath. Then frieihyiamine 
{3,2 ml, 24 mmol) was added and me reaction mixture was stkrsd for 1 5 min at 0 8 C. Then 
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methanesulfarjyl chloride (1 .7 mL, 24 mrao)} dissolved in CHjCI 5 (2 mL) was added and the 
reacrjort mixture was stirred at O^C for 30 iron, fee ice feath was reasoved and she reaction was 
sikrsd for an additions! 2 » at room temperature. This crude reaction Baxters was filtered 
through Celife {washed CHjCfc, 80 mL) and fee filtrate was washed HjO (1 00 mL), 5% 
NaHCO, (2 x 1 00 mL), HjO (iOO mL), sat NaCl (100 mL% and dried MgSO*. The resulting 
yellow oii was ckrofnatographed on a pad of sthca containing activated carbon (10 g) to 
afford fee noit-poiydispersed title compound as a clear oii (7. 10 g, 89% yield). 

g xawt ftie 34 
OctaetfcySene gives! maaobenzytetber (41) 
To a solution of tetra&yctofdm (140m g, IS 

mmol) was added dropwise a solatton of nors-poiydispersed letraethylene glycol (3.5 g, 1 8 
mraol) in teirahydroairan (10 mL) aad the rsaciioH mixture was stirred for 1 h. Then 
mesylate of non-polydispersed tetraethyiene glycol morsobenaylethct 40 (6.0 g, 16 5 tamol) 
dissolved in tatraiiydro&raji (10 mL) was added drop-wise and the reaction mixture was 
stirred overnight. The erode reaction mixture was filtered through Celite (washed, CHiClj, 
350 mL) and the filtrate was washed HjO, dried MgSO*. and evaporated to dryness. The 
resultant oil was chromatcgraphed (silica, ethyl aeetatc/methnnol, 10:1) and chromatograpBed 
(silica, chiorofomv'rftethanoi, 25:1) to afford the non-polydispersed title compound as a clear 
oil (262 g, 34*4 yield). 

Exa racne 33 
Synthesis of Stearate PEG8-8enssy$ (43) 
To a stirred cooled solution of noo-polytiispersed octaethyiene glycol 
monrsbenzyiether 41 (0,998 g, 2.07 mrnoi) and pyridine (163,9 fng, 2.07 romol) was added 
r»n-polydispersed stesroyl chloride <U (627.7 mg< 2.07 mmoi) in benzene. The reaction 
mixture was stirred overnight (18 tours). The next day the reaction mixture was washed with 
water, dried over MgSQi, concentrated and dried via vacuum. Then the crude product was 
ehromatogrsphed on flash silica gel column, using 10% mMfcaaoi/90% chiorofotm, The 
fractions containing the product were combined, concentrated and dried via vacuum to afford 
the non-polydispersed title compound. 
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MgSQ«, filtered and concentrated so provide the non-polydispetsed title compound 35 aciear, 
light yellow oil. If necessary, the NHS ester couid be farther purified by Sash 
chromatography on silica gel using EiOAc as the eiutant. 

Synthesis of Activated PaJmJtate-TEG Oligomer* 
The Mowing description refers to the scheme illustrated io Figare 9. Hon- 
pclydiipersed palmitic anhydride (S g; 10 ramei} was dissolved in dry THF (20 mL) and 
stirred at room temperature, To the stirring solution, 3 nsol excess of pyridine was added 
followed by iioa-poiydispersed trie&yteae glycol {1 .4 raL), The reaction mixture was stirred 
for I hoar (progress of the reaction was monitored by TLC; ethyl acetate-chloroform; 3:7). 
At the end o f the reaction, THF was removed and the product was mixed with 10% HjSO* 
acid and extracted ethyl acetate {3 x 33 mL). like combined extract was washed sequentially 
wife, water, brine, dried overMgSQ*. and evaporated to give noK-r»!>disporsed product 48. 
A solution of N,}>MisiKCijHrnidyl carbonate (3 rrano!} in HMF (-10 mL) is added to a 
solution of She nen-polydistp£Tsed product 48 (1 ramol) m 10 mL of anydrous DMF while 
stirring. Sodium hydride {3 snmot) is added slowly to the reaction mixture. The reaction 
mixture is stirred for several hours {e.g., S hours). Diethyl ether is added to precipitate the 
activated oligomer. This process is repeated 3 times and the product is anally dried. 

ff xampje 4ft 

Synthesis of Activated Bexsctoyteoe Glycol Monoroethyl Oligomers 
The following description refers to the scheme illustrated in Figure 10, Non-. 
peiydispersed activated hexaethylcne glycol moRomethyl ether was prepared analogously to 
that of aoo-poiydispersed triethylene glycol in Example 39 above. A 20% phosgene in 
toluene solution (35 mL, 6.66 g, 67.4 mrnoi phosgene} was chilled under a Nj atmosphere io 
an ice&ait water hath, Non-polydispersed hexsethyiene glyeo! 50 (1.85 mL, 2 0 g, 6.74 
mxoo!) was dissolved m S raL anhydrous EtOAc and added to the phosgene sorarion via 
syringe. The reaction mixture was kept stirring in fee ice hsth for one hour, removed and 
stirred a further 2,5 hours at room temperature. The phosgene, EtOAc, and toluene were 
removed by vacuum distillation, leaving non-polydispersed compound 5.1 as a clear, oily 
residue, 
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The noa-jwiya&pereed residue 51 was dissolved m 20 tnL dry diehtorcrneftane and 
placed under a sky, inert atmosphere. Trieihyiaaune (5.94 roL, 0.68 g, 6.7 mtnol) and then 
NHS (N-hydroxy succiniraide. 0.S2 g, 7.S mmci) were added, and fee reaction mixture was 
stirred at room temperature for IS hours. The mixture was filtered through silica gel to 
remove the white precipitate and concentrated in 'vacuo The residue was taken up in 
dichloromethane and washed twice with cold water, twica with 1 N HCI and once with britte. 
The organic* were dried over ^SC*, filtered and concentrated. Final purification was done 
via Sash chromatography (silica gel, EtQAs) to obtain the UV active iwa-j»)ydispersedNHS 
ester 52. 

Example 4J 

Synthesis of Polypeptide-Oligomer Conjugates 
Mixtures of jwiypeptide-oiigomer conjugates according to fee present invention are 
synthesized as follows. A mixture of the polypeptide is dissolved in anhydrous DMF. Then 
l^AandamixiareofanacfivatedaiiganierrjfSxaiBpie IS, 24, 29, 31, 37, 38,39 cr49ia . 
anhydrous THF is added. The reaction mixture is then stirred, preferably for 1 hoar. The 
reaction mixture ia acidified (for example, by adding 2 roL of 0. \% TFA in water), the 
reaction is followed by HPLC. The reaction mixture is concentrated and purified by 
preparative liquid chromatography (for example, using Waters PrepLC 7 * 4000 RP Vydac 
CIS Protein and peptide, 1x25 column, wjrtej/acetonitnle with C.i%TFA, detection as 280 
rsm). Peaks corresponding to mono- or multi-conjugated compounds are isolated. Samples 
may be anaiyxsd by MAL01-MS. 

Example 42 

The procedure of Example 41 is performed and the polypeptide is an 
adrenocorticotropic hormone peptide. 

E$atttpte43 

The procedure of Example 4! is perforated and !he polypeptide is an adrenonteduiiin 
peptide. 
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0.667 mmal) in anhydrous THF (2 ml) was added. The reaction was stirred for 1 how, then 
acidified with 2 rut of 04% TEA in water. The reaction was fallowed by KELC. Then the 
reaction rnixfisre was concentrated and pariSed by preparative liquid crrromatogrsptty 
{Waters PrepLC** 4000 &C Vydac CIS Brntem and peptide, 1x25 column, watei/acetotatrile 
with 0,1% TFA, detection at 280 urn}. Two peaks, corresponding to motto* and di-coojagate 
were isoltued. Samples were analyzed by MALDI-MS- MS for PEG7-ocfyi-5CT t raono- 
eosjugate: 3897. MS for PEGV-oetyl-sCT. di-eonjugale: 4361, 

A similar procedure was used to conjugate salmon calcitonin with the activated 
oligomer of Example 29. MS for PEG?-decyi-tiCT, nwwo-coajagate: 3926. MSforPEG?- 
decyi-sCT, di-conjugats: 4420, 

A similar procedure was used to corrugate salmon calcitonin with the activated 
oligomer o f Example 31. MS for siearste-PEGS-sCT, memo-conjugate: 4006. MS for 
stearate-PEG6*sCT, di -conjugate: 4582. 

A simiittr procedure was used to conjugate salmon calcitonin with the activated 
oligomer of Example 37. MS for stearate-PEG8-sCT, mono-conjugate: 4095. 

A similar procedtrre is used to conjugate salmon calcitrmfo with the activated 
oligomer of Example 18, 38, 39 and 40. 

Example 61 

The procedure of Example 41 is performed and the polypeptide is a calcitonin gene 
related peptide. 

Example tft 

The procedure of Example 41 is performed and the polypeptide is a CART peptide, 
Examsfe<»3 

The procedure of Example 41 is performed and the polypeptide is a <^omorphirj 



Example 64 

The procedure of Example 4 1 is performed and the poiyoeptide is a chemctaeiic 
peptide. 



peptide. 




w atosWWd in Figare 10. Human growth fcoxmoae (somatropm (tDNA origin) for 
injeetioB}, citable under the trade name Sa^ea 7 * fioni Serous of Randolph, Massachusetts, 
was dissolved in DMSO such that the hGH was at a O.JS mmol concentration. TEA. (278 
equivalents) was added awl the solution was stirred &r approximately ten raimitss. Two 
emHvaiettis, five equivalents or thirty equivalents of activated hexaethyierse glycol 53 was 
added from a 02 M solution of fee activated oligomer ia dry THF. Stations were stirred at 
room temperature for 45 minutes to one hoax. Mquots of each reaction mixture wera 
quenched as 600 pL of 0.1% TFA in water. HPLC comparison of the 2 polymer equivalent 
and the S polymer equivalent reaction mixtures vs. unconjugated h<JH is shown in Figure 14. 
HPLC analysis of the thirty polymer equivalent reaction is shown m Figure 15. 

Samples of the conjugates for mass spectroscopy wens purified via analytical HPLC 
using a reversed-phase C, s column and a water/acejonstrile gradient. The entire peak from 
the 2 equivalent reaction mixture was collected, concentrated and analyzed using MALDI 
mass spectroscopy. The mass spectra of this materia! shewed evidence of the presence of 
mono-conjugated, eh-coajugsted, tri-conjugated and tetra-cenjugatcel hOH as well as some 
remaining mtreasted hGH (Figure IS). The five equivalent reaction mixture was purified 
crudely according to polarity as indicated in Figure .17, MALDI mass spectra of the 
concentrated fractions (Figure 18, Figure 19 and Figure 20) indicated that the level of 
conjugation of the protein increased with retention time. Electrospray mass spectra of 
fraction E, Figure 2,1, gave results consistent with the presence of hexa-conjitgated hGH. 
The entire peak ftorn the thirty polymer equivalent reaction mixture was collected and 
concentrated. Ilectrospray mass spectral analysis, Figure 22, showed deca- and higher 
«mjugat«d material. 

A similar procedure is used ia conjugate hGH with the activated oligomer of Example 
18,24,29,31 or 37, 

Example 83 

Synthesis of Human Grwttt Hormone-OHgonter Conjugates 
with Activated Paimltaie-TEG Oligomers 

Procedures similar to those described above in Example 81 were performed using the 

activated polymer asm Example 39, Progress of conjugation was checked by HPLC by 

taking 20 pi of the conjugated reaction mixture in a vissi and diluting with 100 nLof0.i 8 /i 

TFA-wsterJPA {1:1), the tessilts of which are illustrated in Figure 23. After 2 hours, the 
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«8Ctk» was quenched by adding 0.1* TFA-water. Tte conjugated product was purified by 
prep, HPLC. 



Synthesis of Humae Orowth Bsrmone-Oiigoirter Conjugates 
with Activated TEC Oligomers 

One equivaleni of human growth hormone (hGH) (scmaiKspic (rONA origin) for 
injection), available under the trade name Sateen 1 * from Serono of Randolph, Massachusetts 
was dissolved in DMSO (1 mg/125 ul) and stirred at room temperature for 2-4 minutes. 
Two equivalents TEA was added followed by two equivalents of the acsivatsd oligomer of 
Example 3$, which, was dissolved in THF. After 2 bonis, tbe reaction was quenched by 
adding 0.1 % TFA-water. The conjugated product was purified by prep. HH.C as illustrated 
in Figure 24. 

A similar procedure five equivalents TEA and five equivalents ofthe activated 
oligomer of Example 39 was performed. The conjugated product was purified by prep. 
KPLC using CIS column as illustrated in Figure 25. The mobile phase and elution time 
ware as follows; 



Time 



5S 



3.5 



100 



The pooled fraction was iyophilized into a white powder. The mass spectra tor the 
compound aw illustrated to Figures 26 and 27. 

A simitar procedure utilizing ni«e equivalents TEA and nine equivalents ofthe 
activated oligomer of Example 39 was performed. The conjugated product was purified by 
prep, HPLC using CSS column as illustrated in Figure 28. 



; Example 84 

The procedure of Example 41 is performed and the polypeptide is a OTP-binding 
peptide. 

The procedure of Example 41 is performed and the polypeptide is a guaaylin peptide. 
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The procedure of Example 41 is performed and the polypeptide is an inhibit! peptide. 



Synthesis of lasalfo-OSigOiaer Conjugates 

To Imm&n insulin {zinc or anc free, 2& 0344 mmol based on dry weighs) m 25 mL 
dimethylsulfbxide (> 99% purity) at 2244°C was added 8 mL triethyl amine {> 99% parity). 
The resulting mixture was stirred for 5 to SO minutes at 22*4*0. To the above was rapidly 
added the activated oligomer of Example IS above {0.188 g, 0.36 mmol based or 100% 
activation) in IS rat seetonitrite under stirring at 22*4*C. The solution was stirred for 45 
minutes and quenched with acetic add solution with maintaining the temperature below 
27"C. The reaction was monitored by analytical HPLC. This reaction condition produces 
PEG7-hexyl-irisulm, monoconjugated at the B29 position {PEG7-hexyJ-insiilia, B29 
monoconjugated) at yield 4040%, The crude reaction mixture (PEG7-fcexyS-insulitv82$ 
monoconjugated, 40-60%, uisreacted insulin 8-25%, related substances 1 5-35%) was dialyzed 
or difiitered (3000-3500 molecular weight cut off, MWCG) to remove organic solvents and 
small molecular weight impurities, exchanged against amraOBiujn acetate btrf&r and 
lyc-philked, 

The conjugation reaction of PEG?~hexyUr<s«ii«, memocortjugated at the B29 position, 
was monitored by anaJyiicai HPLC. This analytical HPLC method used a Waters Drfta-Pak 
CIS column, 1 50 x 3.9 mm I.D„ 5am, 300 A. The solvent system consisted of Solvent 8: 
0, 1 % TEA in 50/50 methaaot/water, and Solvent »: 0. i% TEA i» methanol. The gradient 
system was as follows: 



Time (tain) 


% Solvent B 


% Solvent D 


Flow rate 


Initial (0) 


100 


0 


1.00 


20 


40 


60 


1.00 


25 


100 


0 


1.00 



A similar procedure is used to provide non-poiydispersed mixtures of insuhri- 
oligomer conjugates using the activated oligomers of Example 24, 29,31, 37, 38, 39 and 40. 
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peptide. 
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Exampie 87 using a preparative HPLC system Lyophiiked etude mixture (0.5 & 
composition; PEGT-fcexyJ-iassiliii, B29 moaoccnjugsied, 40-60%, unreaoted insulin S-2S%, 
related substances 1 5-35%) was dissolved in 5-10 »L 0,05 M ammonium acetate Buffer, j>H 
7 A and loaded to a C*l § reverse phase HPLC columaflSO x 3.9 mm) equilibrated with 0 J% 
friethyiaTnine/0.5% phosphoric acid buffer HEAP A). T5ie column was ektcd wife a gradient 
flow using TEA? A and TEA? S (80% acetom'trilc and 20% TEAP A) scivent system, The 
gradient system for preparative HPLC purification ofPEG7-hexyi-assuiiR 1 B29 
moftacatij ugate, from the crude iiux ture was as follows: 



Time 


% TEAP A 


% TEA? B 


Flaw rate 
(mSJmia) 


Enitiai (0) 


70 


30 


30 


45 


64 


36 


30 ' 


105 


60 


40 


38 


115 


40 


60 


30 


125 


15 


85 


30 


135 


15 


8S ' 


30 



Fractions were analyzed by HPLC and me product fractions tfeat were > 97% purity of PBG7- 
Jwxyi-kisulin, B29 monoconjugste, were pooled. The elation buffer and soiveat were 
removed by dialysis or diafiitration {MWCO 3000-3500) against ammosiam acetate buffer 
(0.01 M, pH 7.4) and exchanged into ammonium acetate buffer and lyophUized to produce 
white powder of PEG7-hexy! -insulin, B29 inoiiocoiijugato (purity >5>7%). 

An analytical HPLC method using the sanse column and soivent system as (he method 
used in Example 87 to monitor the reaction was used for analysis of PEG7*hexyi«insuKrs, B29 
monoconjugate. However, Jhe gradient conditions were as foSows: 



Tfra«{ral»} 


% Solvent B 


% Solvent 0 


Flow rate 


Initial {0> 


100 


a 


5.00 


30 


10 


90 


5. 00 


35 


100 


0 


1,00 
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Determination of tfee Disunity Coefficient 
for a Mixta re at Hamas InjisHit-OKgoiner Coo j agates 

The dispwaty coefficient of a mixrare ottoman iasulin-eltgomer conjugates is 
defcnained as follows. A mixtace of toman insulm^hgomcr coaJ«g«« is provided, for 
example as described above in Example 37. A first sample of the mixture is purified via 
HPLC to separate and isolate the various human msuliu-oiigomer conjugates in the sample. 
Assuming that each isolated fraction contains a purely raonodispersed mixture of conjugates, 
is equal to the number of firaciions collected. The mixture may mcluds one or more of ins 
following conjugates, which are described by stating the conjugation position iMosvcd by the 
degree of conjugation: Giy Ai monaconjugatei Pbe B1 monoconjugate; Lys* 1 * rnonocflnjagats; 
Gly*\ Phe 31 dicofijugate; Gly Af , Lys S2S dteonj>tg3te; ?be si , Lys BJ * dieonjugate, and/or G!> A \ 
Phe B! , Lys M * bicottjugate. Each isolated Jraetioa of fee mixture is analysed via mass 
spectroscopy to determine the mass of the ftaction, which allows each isolated fraction to be 
categorized as a mono-, dt-, or tri-conjugste and provides s value for the variable "M," for 
each conjugate in the sample. 

A second sample of the mixture is analyzed via 1FPLC to provide an HPLC trace. 
Assuming that the molar absorptivity does net change as a result of the conjugation, the 
weight percent of a particular conjugate in the mixture is provided by the area wider the peak 
of the HPLC trace corresponding to the particular conjugate as a percentage of the total area 
under a!i peaks of the HPLC trace. The sample is collected and ly^phtlsed to dryness to 
determine the anhydrous gram weight of the sample. The gram weight of the sample is 
multiplied by ihe weight percent of each component in the sample to determine the gram 
weight of each conjugate in the sample. The variable "Ni" is determined for a particular 
conjugate (the i* conjugate) by dividing ths g^m weight of the particular conjugate in the , 
sample by the mass of me particular conjugate and muloplying the quotient by Avagadro's 
number (6.022OS x SQ SJ mole' 1 ), Mi> detemuned shove, to give the number of molecules of 
the particular conjugate, Ni, in the sample. The dispersity coefficient is then calculated using 
n, Mt as determined for each conjugate, and N, as detetmined for each conjugate. 



Example 123 

Cytoaessor Startles farlosfiiin-OUgotaw Conjugates 

Cok> 205 (colorectal adenocarcinoma ceils from ATCC, catalog #CCL-222) eel is that 
had bum serum-deprived for approximately IS tours were suspended in 3:1 Cytosensor tow- 
rmffer HPMI-i640 media: CytosensoT agarose estrapraiiTii media and seeded into Cyioserjsor 
eajsuk cups at 100,000 cells? iO ftL dropSci Ceils were aliowed to eoailibmte on the 
Cytosensot to th« low-buffer RPMT-1 640 media at a flow rate ofl<»>»Lpcf minute for 
approximateiy J hoars until feasehf<e ac lit atk raw were hie. Insulin 
insulin conjugates) were diluted to 5QoMia low-buffer KFMS-364Q msriia and applied to the 
celts forlOrmtmtes at 100 ^L/rnmute, Foiiowing the exposure, the drug solutions were 
withdrawn and the cells were agate perfused under the continuous Oow of 5o w-bai'fert media 
alone. Data collection continued until acidification rates returned to baseline levels 
{approximately one hour from application of drug solutioos). The results are illustrated in 
Figure 29. As used in Figure 29, insulin is human insulin; PEG4 is a tsen-polydispetaad 
mixture of mJ 5 EG4-hexyi-insuiia > B29 rnonoconjugates; PKQ10 is a non-polydispersed 
mixture of mPECilO-hexyl-insulin, B29 m0noconjug3r.es; PEG7 is a nori-poiydtspersc<l 
mixture of mPEOT-iwxyWawUo, B29 monoconjugaoas; PEG7**, is a polydispersed mixture 
of mPEG?^v5-hex.yl-in8«iiii, 329 morfoconjugates. 



EBzym*tic Stability ofliwulln-Oiigomer Conjugates 

Chymotrypsin digests were conducted in a phosphate buffer, pH 7.4, at 37*C in a 
sbafcing water batti. The iruulkv'insulm conjugate concentration was 0.3 rogtexL. The 
envmotrypsia concentration was 2tfni5&%L 100 pi, samples were removed at the indicated 
time points and quenched with 25 uL of a 1:1 mixture of 0.1% aiOuoroscetic aciddsapropyi 
alcohol Samples were analyzed by reverse phase HPLC and the relative coacentratiems of 
insulin/ixjsulin conjugate were determined by calculating the areas aader the curves. 

As used in Figure 30, insulin is human insulin; FEC-4 is a coa-polydispsrsed mixture 
of mPEG4-hexyl-insuirn, B29 monoconjugates; PEG10 is a non-polydi spersed miscture of 
mPEGIO-hexvl-insulin, B29 monoomjugates; ?EG7 is a rjon-polydispersed mixture of 
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Blood is drm at IS, 30, 60 and! 20 minutes and glucose levels are measured and graphed. 
The lower fee glucose levels, She better she activity o f (he msuiin conjugate. & Figures 33, 
34 and 33, the results obtained with PEC^-hcxyl-iasulin, nscnoconjugaie; PEG7-hexyi- 
insulin, aaonocoBjagate; andPEGlO heitvl-tBSttiin, monoconjugsie, respectively, stew tee 
PEG conjugates of (he present invention result m \m inter-subject variability and higher 
activity than fee results shown in Figure 36 for fee polydispersed PEG7 A v6*«a^4asa!te, 
mofloconpigate, which knot a pan of the present invention and is provided for comparison 
purposes. 

Ksamnhi 137 

Cytoseajor* Studies for Caidtonia-Oltgomer Conjugates 
T-47D cells (mammary ductal earcutcraa cell line, obtained trora American Type 
Cnlffire Collection were suspended at a density of i x I0 ; wshVmL in naming buffer (low- 
buffered, serum-free, bicarbonate-free RPMI 1640 medium from Molecular Devices of 
Sunnyvale, California. Approximately 100,000 cells were then irnmobiliied in an agarose 
cell entrapment medium in a 10 jtl droplet anc sandwiched between two 3-umpolycaboaate 
membranes in a cytosensor capsule cup. Cytoseasor capsule cups placed in sensor chambers 
on the Cytosensor* Mierophysicroetat were then held in very close proximity to pB-aensitive 
detectors. Running buffer was then pumped across the cells at a rate of 100 pJU'rain except 
during 30-secood intervals when the flow was stopped, and acidification of the running buffer 
in die sensor chamber was measured. Acidification rates were determined every? minutes. 
The temperature of the sensor chambers was 3TC. Cells were allowed to equilibrate ia the 
sensor chambers for 2-3 .hours prior to the start of the experiment during which time basal 
acidification rates were monitored. Cells were then exposed to test compounds (Salmon 
Calcitonin or Octyl-Dt-Caicitontn) diluted in n^ning buffer a; various nM concentration. 
Exposure of cells to test compounds occurred for the first 40 seconds of each 2 minute pump 
cycle in a repeating partem tor a total of 20 minutes. This allowed sufficient exposure of the 
cells to the test compounds to elicit a receptor-mediated response in cellular metabolism 
followed by approximately 50 seconds of Row of the running buffer eoM&mmg no 
compounds. This procedure rinsed away test solutions (which bad a slightly lower pH than 
ruiining buffer alone) tram the sensor chamber before measuring fee acidification rate. Thus, 
the acidification rates were solely a measure of cellular activity. A similar procedure was 
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used to obtain dsta for PEG7-octyi-3CT, mojiC^. " te(< Mor • ; : G7-dec.yl.sCT, 
monwonjugate (Decyl-Mono); P£G7-decy!-sCT, dicottjugate (Decyl-Di); siearate-FEGfr- 
sCT, monoeonjugaie {PEGS St. Motto); and steantte-PEGS-sCT, monocwtjugate (PEGS St. 
Mono), Data was analyzed for relative activity of compounds by calculating the Area Voter 
the Curve (AUQ for each cyjoserwor chamber acidification rate graph and plotted as a bar 
chart illustrated in Figure 37 shewing average AUC measurements taken from multiple 
experiments perforated under the same experimental conditians, 

Easrymatic Stability for Calcitonin-Oligomer Conjugates 

Compottisds, sullied as iyophiiized.pQwders, are resuspended in 10 mM p} ospbau 
buffer pH 7,4 and then submitted for concentration determination by HPLC. The phosphate 
buffer is used to create a solution with a pH that is optimum for activity of each particular gut 
enzyme. Aliquota of the compound thus prepared are tramferred to i.7 ral micrMenrrinige 
tubes and shaken in a 37*C water bath for iS minutes to allow compounds to equilibrate to 
temperature. After 15 minutes, 2 pJL of the appropriate concentrated gut ersyme is added to 
each tube to achieve the final concentration desired. Chymotrypsin and trypsin are 
resuapended in ! tttM HCL Also, as a control, compounds axe treated with 2 pL of 1 mM 
HC1, Immediately following additions, 100 uL of sample is removed from the control rube 
and quenched with either 25 uL of chyntotrypsuVtrypsm quenching solution {5:1 1 % 
TFAisopropeno!). This sample mil serve as T«0 tain. A sampling procedure is repeated at 
various time interval .dirpetuiing on she gut aazyrtre used. Chyraoirypsin has IS, 30 and 60 
minute samples. Trypsin has 30, 60, 120 and ISO mirutte samples. Once afl points have been 
acquired, a final sample is removed from lie centred tube to make sure that observed 
degradation is not temperature or buffar related. The chymotrypsin and trypsin samples may 
be collected directly into HPLC vjgjg. HP-HPLC {scelomtriSe gradient) is used to determine 
AUC for each sample and % degradation is calculated based from the T«0 rain control. The 
results are provided below in Tables 1 fo 4. 



Table 1 

% Remaining Following 0.5 U/mL Cbynsoaypstn Digest 
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Table3 

% Remaining foliowiag i U/rai Trypsin Digest 
of PEGT-Octyl-S^lmon Calcitonin, Dkonjagate 
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(fotcoTTipaiisori purposes; sot part of the invention) 
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or agonist for 6 hours, Luciferase activity is reported as percentage of maximal activity 
stimulated by GH in the specific experiment 10 allow caparison between repeated 
experiments. The maximal activity stimulated by GH a the fold induction stimulated by GB» 
i.e. corrected lutiferase value in GH stimulated cells d i vided by corrected tuci fer ase value its 
ttnuanuiittsi cells. Results of the assay are shown its Figures « and 45 where Qenctropin is 
human growth hormone (standard, not part of the present invention), GH-O02 i$*2 
equivalent rnTEG conjugate, GH-Q03 is a 5 equivalent mTEO conjugate, GH-004 is a 5 
equivalent taTEG conjugate , Prot iiGH is human growth hormone (standard, not past of tits 
preseat invention), and hOH-TEG is a 9 equivalent rnTEG conjugate. 

In the specification, there has beeji disclosed typical preferred embodiments of the 
invention and, although specific terras are employed, they are used in a generic and 
descriptive sense only and not for purposes of limitation, the scope of the invention being set 
forth in the following claims. 
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Figure 7 
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CHjfOCaH^-OH + CK x Ci 



I 

(46) CH 3 (OC 2 H4)3-0/ v Ci + TEA 



(47) CH^OC^VO^O^, 



Figure 8 
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CH 3 (CH 2 ) 14 COOH + EDCI + H(OC 2 H 4 )3-OH 
DCM/12h; R.T. 



(48) CH 3 (CH2} 14 C-OCH 2 CH 2 OCH 2 CH 2 OCH 3 CH r OH 



i. DMF 
it. NaH 



(49) CH 3 {CH 2 } 14 C-OCH 2 CH 2 OCH 2 CH20CH 2 CH 2 '^ 0 ^C^ 0n N 



Figure 9 
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{50} CH 3 {OC 2 H4) 6 -OH 
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■ If 

CK" Cs -a 



(51) CH 3 (OC 2 H4)6-0^ V CJ + TEA 



(52) CH 3 (OC 2 H,} 6 -0^,a 



Figure 10 
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Figure 11 
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Figure 38 




Figure 39 
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Figure 40 
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Abstract Of The Bta-iosare 
A!K>n-po!y<lispsr\?<! < xaweci >njugaws i cii h eon in fee mixture 
comprises a drag counted to an oiigoroe* feat includes a polysikylene glycol moiety is 
Sise! ' tars may exhibit h. n i Chat rsed mixture of 

similar conjugates. The mixture ma> be re effe tiv« at surviving aa in Vara model of 
intestinal digestion than p< sr «urcs oJfsa gates Die n xu nu 

resuit Is less inter- subject variability than poJy&spersed mixtures of similar conjugates. 



